Transverse bending tests were carried out for unidirectional composites fabricated from twisted spun yarn commingled of carbon fiber and Nylon 6 fiber by compression molding. Transverse bending strength was explained in conjunction with their impregnation behaviors.
I n trod uction
In the former paper concerning unidirectional composites fabricated from twisted spun yarn commingled of carbon fiber and Nylon fiber, we reponed that a clear fiber bundlesboundaries pattern was observed in their cross-sectional views and that the impregnation was to be presumed to progress with two steps and also that longitudinal bending strength was saturated with a rather lower pressure and shorter period of compression. But the relationship between the progress in the impregnation of 2nd step and longitudinal bending strength was not cleared. In this report, transverse bending properties which seems to be more sensitively dependent on the impregnation degree of 2nd step, were measured. Thus we tried to clarify bending properties of the spun yam in terms of its impregnation behavior.
Experiment
Material I ; The same material of commingled twisted spun yam as the material described in the former report was used. Material 2 ; A Nylon 6 filament (28 tex) was bundled with each spun yam in parallel. Test pieces; They were prepared by the same way described in the former report by uxing material 1 (Vf=60%) and material 2 (Vf=40%). But their size was 6mm wide, 20mm long and 2mm thick. The method; 3-point transverse bending test was carried out by the similar way to the Iorrner test. Span length was 16mm.
Results and discussion
Fig. I shows transverse bending stress-displacement curves for pieces of materials 1 molded at various compressional period (rc) by compressional pressure = 2.0MPa. With the increase of compressional period, both bending strength and elongation at stress peak is increased. The curves of longer tc show sharper failure as compared to those of shorter tc. It must be noticed that the variation in the curve of transverse bending (shown in Fig.  I ) is more significant than in the curve of longitudinal bending (shown in Fig. 4 in the former report). Fig. 2 shows changes with compressional period in bending strength of molded pieces from material 1. Corresponding to Fig. I , bending strength increases gradually with the increase of tc, in contrast with rather rapid saturation tendency shown in the former report. Transverse bending strength versus tc curves of material 2 are shown in Fig. 3 refering those of material 1. By the addition of Ny6 filament on the spun yam, transverse bending strength with 2.0MPa pressure is apparently improve to the level of the curve of 6.0MPa. Fig. 4 is magnified cross-sectional views for material 2 at the pressure of 2.0MPa. Boundaries in the composites of material 2 are mostly filled with resin even at tc = 1min., contrary to the case of material 1 shown in Fig. 2 of the former report. From Fig. 3 and 4 , it can be reasonably presumed that transverse bending strength loses its value if the impregnation of boundaries is incomplete and that the filling of resin within boundary parts is accelerated by bundling matrix filament on the spun yarn and that this acceleration reflects the improvement in the transverse bending strength of shorter tc with the pressure of 2.0MPa.
Conclusion
Transverse bending strength is gradually increased with compressional period tc under the pressure of 2.0MPa. The delay of 2nd step impregnation into boundaries reflects this gradual increase of transverse bending strength. The addition of matrix filament on the spun yam accelerates the impregnation rate of 2nd impregnation.
Reference 1) Matsuo., T., Ikegawa., N., Yamane., M. ; submitted to Advanced Composites Letters. Fig. 4 Higher magnification of the cross-sectional views for material 2 at pressure 2.0MPa.
